This study aims to estimating annual soil erosion rate and its spatial distribution in the Bou Namoussa watershed located in the North-East of Algeria by applying the revised universal soil loss equation (RUSLE) within a Geographical Information System environment (GIS). The application of the RUSLE model in different natural environments and on every scale takes into account five key factors namely: the rainfall erosivity, the soil erodibility, the steepness and length of slopes, the vegetation cover and the conservation support practices. Each of these factors was generated in GIS as a raster layer, their combination, resulted in the development of a soil loss map indicating an average erosion rate of 7.8 tꞏha -1 ꞏy -1 . The obtained soil loss map was classified into four erosion severity classes; low, moderate, high and very high severity representing respectively 40, 30.48, 22.59 and 6.89% of the total surface. The areas, showing moderate, high and very high erosion rates which represent more than half of the basin area were found generally located in regions having high erodibility soils, steep slopes and low vegetation cover. These areas should be considered as priorities in future erosion control programs in order to decrease the siltation rate in the Cheffia reservoir.
INTRODUCTION
In Algeria and across the neighbouring countries, water erosion problem acts as an aggressive natural phenomenon to soil and water resources [BOUGUERRA et al. 2017] . Results from previous studies, show that this phenomenon contributes progressively to the deterioration of agro-pedological regions, in fact huge amounts of soil are lost in river basins due to water erosion.
The accentuation of soil degradation depends on several natural and anthropogenic factors favouring the start and the development of erosion processes. These factors are divided into two categories, those that are of quasi-static nature (infiltration, erodibility and morphology...), and others that are time-varying (vegetation cover, land use, rainfall intensity and agricultural practices…) [BOUKHEIR et al. 2006; ROOSE, LELONG 1976; VRIELING 2005] .
In Algeria, the areas prone to the risk of land degradation due to the desertification and the water erosion phenomena are estimated at 5ꞏ10 5 km 2 which is more than 20% of the total surface of the country, 1.4ꞏ10 5 of these areas at risk represents the northern mountains affected by water erosion, 3.2ꞏ105 km 2 of these areas represents the steppe zones threatened directly by desertification, while 4.1ꞏ10 4 km 2 of it represents the forests threated by climate change impacts [MOSTEPHAOUI et al. 2013] . The annual loss of water storage capacity of dams is estimated at 20 hm 3 resulting from siltation [REMINI 2000] .
The Bou Namoussa watershed is amongst the watersheds seriously affected by water erosion in Algeria, the bathymetric surveys of the Cheffia dam built on the Bou Namoussa Wadi indicate that the watershed is subject to an important siltation and increasingly intense, as the average loss in storage capacity of the Cheffia dam rose from 186 762 m 3 ꞏy -1 between 1965 and 1986 to 509 611.1 m 3 ꞏy -1 between 1986 and 2004. To improve the fight against this phenomenon, it is necessary to identify its causes, consequences and to elaborate a soil loss map which locates high risk areas requiring priority interventions.
The Revised Universal Soil Loss Equation (RUSLE) can be used for evaluating and quantifying soil erosion in view of its universal adaptation, it is an empirical and spatialized model [RENARD et al. 1997] which was proposed by WISCHMEIER and SMITH [1978] . The RUSLE model takes into account five factors to evaluate soil loss which are: rainfall erosivity, soil erodibility, steepness and length of the slope, vegetation cover and the conservation support practices.
This study aims to estimate soil loss, and to highlight the areas subject to the risk of water erosion in the Bou Namoussa watershed. Furthermore, this study proposes an effective reproducible methodology for the application of the RUSLE model at a watershed scale. The principle of this methodology is to integrate into a Geographic Information System (GIS) all the soil erosion factors of the model. The combination of these factors according to the model's equation producing a soil loss map which depicts different degrees of vulnerability of soil to erosion.
The results obtained from this study, can assist the decision-makers in the implementation of soil management and conservation practices which is crucial in managing and protecting soil and water resources.
STUDY AREA
The Bou Namoussa watershed is located in the South of Taref city at the extreme North-East of Algeria, It forms the northerly side of the final stretch of the septentrional Atlas-Tellian chain which is composed by the mountains of Medjerdah in the Algerian part, and the mountains of Krounirio and Ghardimaou in Tunisia.
The Bou Namoussa watershed is part of Constantinois eastern coastal watershed, it covers an area of 575 km 2 and a perimeter of 176 km between longitudes 7°94' and 8°31' E and latitudes 36°38' and 36°69' N ( Fig. 1) . A portion of the Bou Namoussa watershed is located in the Tunisian territory covering the plain of Ain El Karma. This watershed is dominated by mountainous terrains, where the altitudes reach 808 m at Jebel Souani, 1406 m at Jebel M'Sid, 1015 m at Kef El Boum and 740 m at Draa Safsaf.
WATERSHED CHARACTERISTICS
The Bou Namoussa watershed has a circular and slightly elongated shape, oriented towards the geographical North. The study area is characterized by varied and very uneven terrains. Altitudes vary between 153 m at the outlet and 1405 m at the highest point of the watershed -Jebel M'Sid (Fig. 1) .
The basin is drained by two important wadisBouhadjar Wadi and Kebir Wadi which constitute the major tributaries of the Bou Namoussa Wadi. This latter flows northward and feeds one of the largest dams in the region -Cheffia dam.
The hydrographic network is very dense and hierarchical; the drainage density is of 3.16 kmꞏkm -2 , this high value is due to the presence of steep slopes and surface exposures of low permeability favouring land degradation by the action of runoff (Fig. 2) .
CLIMATE
The watershed is exposed to a wet, mild, Mediterranean climate characterized by rainy and cold winters and dry and hot summers. The mean annual rainfall ranges from 644 mm to 932 mm, January is the most rainy month with an inter-annual average rainfall of 680 mm recorded between 1970/1971 and 2011/2012. Thermal variations emphasize that January and February are the coldest months with average temperatures of about 8°C. While, the hottest months are July and August with average temperatures of about 29.7°C.
SOIL
The Bou Namoussa watershed is dominated by podzolic soils (Fig. 3) . Five classes of soils were distinguished; (i) podzolic soil under cork oak forests, located on reliefs whose altitudes are between 800 and 1405 m; it is formed on the sandstones of Numidia, on their screes, on the sandstone beds of the upper part of the Numidia clays which have light and sandy surface-soils; (ii) calcareous soil which can be included in a one master soil horizon rich in limestone, in light and permeable textures, in quaternary gravel formations, in sand and in silt. (iii) alluvial soil which is constituted by alluvial deposits with an undifferentiated profile, of continental Quaternary alluvium formations, terraces deposits in which the vegetation is still herbaceous; (iv) vertisols with high clay DURAND, BARBUT 1948] content located on the reliefs lower than 800 m, and occupying 20% of the watershed area; (v) rendzine of a humus-bearing horizon, which is directly set on carbonate bedrock.
LAND USE
The Bou Namoussa watershed is characterised by the diversity of its natural vegetation:
 more than half of the basin (52%) is occupied by forest vegetations consisting primarily of cork oak and zeen oak, which are mainly localized in the upper and the middle part of the watershed (Fig. 4) ;  the annual crops, dominated by cereals represents 19.30% of the total area, scattered mainly in the centre of the watershed;  then rangelands occupy approximately 15.06% of the total area;  the bushes represents a percentage of 10.60% of the watershed, these bushes indicate the relatively advanced stage of the forest degradation;  the rest 3.09% of the watershed is occupied by bare lands and urbanized areas.
METHODS
Several empirical models have been developed for estimating soil erosion in watersheds, among the most used during the past 30 years there is the Universal Soil Loss Equation (USLE) and its revised version (RUSLE) that has been employed in the case of study. The RUSLE is an empirical model for the prediction of long term average annual rate of soil erosion (expressed in tꞏha -1 ꞏy -1 ), by combining several factors having a bearing on the erosion velocity, namely; rainfall erosivity, soil erodibility, steepness and length of the slope (topography), vegetation cover and conservation support practices. The model's equation is in the form:
Where: A = the computed amount of the average soil loss (tꞏha -1 ꞏy -1 ); R = is the rainfall erosivity factor (MJꞏmmꞏha -1 ꞏh -1 ꞏy -1 ); K = the soil erodibility factor (tꞏhaꞏhꞏha -1 ꞏMJ -1 ꞏmm -1 ); LS = is the topographic factor (dimensionless); C = is cover management factor (dimensionless); P = is conservation support practice factor (dimensionless).
In this study, the spatial distribution of soil loss was obtained by coupling RUSLE model and GIS; the soil erosion factors were generated in GIS platform in the form of thematic maps and then integrated based on RUSLE equation as presented in the flowchart (Fig. 5) .
RAINFALL EROSIVITY FACTOR (R)
The rainfall erosivity factor (R) is a climatic factor that reflects the effect of rainfall intensity on soil erosion. According to the equation proposed by WISCHMEIER and SMITH [1978] its calculation requires the determination of the total rainfall kinetic energy Ec (mmꞏh -1 ) and the peak rainfall intensity in 30 minute consecutive (Jꞏm -2 ꞏmm -1
). These data are not available within the rainfall stations that are in or near the watershed. In fact, only monthly and annual rainfall data sets are available at these stations, thus it is not possible to calculate the R factor using this equation. To overcome the lack of detailed rainfall data, we employed an alternative mean consisting of the equation of FAO [1987] , which involves only monthly and annual precipitation data sets, this equation has been widely applied in the Maghreb region (SADIKI et al. [2004] in Morocco and TOUMI et al. [2013] in Algeria), it is expressed as: Where: Pi = is the monthly rainfall; P = is the annual rainfall in mm.
The R factor is calculated using data of 42 years between 1970/1971 and 2011/2012 collected from 6 rainfall stations, spread over the study area. Then, the results were interpolated throughout the entire watershed.
TOPOGRAPHIC FACTOR (LS)
The LS factor reflects the effect of slope length (L) and slope steepness (S) on erosion process [MCCOOL et al. The L and S factors, generally grouped together as topographic factor (LS), have significant influence on soil erosion process [ROOSE 1994] .
In this study, the determination of LS factor were conducted, by firstly generating flow-accumulation and the slope maps in GIS environment from a digital elevation model (DEM) of the study area downloaded from ASTER satellite data (30 m resolution). Then, LS factor was determined by considering slope length (in meters) and slope incline (in percentage) of each parcel. The Equation (3) was adopted to calculate LS factor as proposed by WISCHMEIER and SMITH [1978] .
where: X = is slope length (m); S = is angle of slope (%); m = dimensionless exponent that depends on slope steepness as follow:
-m = 0.5. S = 10.8 sin θ + 0.03 S < 9% (4) S = 16.8 sin θ + 0.50 S ≥ 9% (5)
SOIL ERODIBILITY FACTOR (K)
The K factor represents the susceptibility of soil particles to detachment and movement by water, which depends on the physical, chemical and pedologic characteristics of soil.
In the present study, the soil data used to generate the spatial distribution of K factor were extracted from the soil map (Fig. 4) and from 13 soil samples (0-25 cm deep) distributed over the watershed surface in such way that each soil type is represented by 2 or 3 samples, the samples were then analysed in laboratory to determine the physical characteristics and the organic matter content of soil. The obtained values were assigned and generalized to each type of soil. Soil textures were classified based on the textural triangle developed by the United States Department of Agriculture USDA [BROWN 2003 ]. Then the corresponding K values for each soil texture were estimated with the help of the table of correspondence of STONE and HILBORNE [2000] .
COVER MANAGEMENT FACTOR (C)
The C factor reflects the effect of land cover on soil erosion process. It is probably the most important factor in RUSLE since it represents conditions that can easily be managed to prevent or reduce soil loss [MCCOOL et al. 1995] .
The factor C which depends on the density, height of vegetation and the cropping system was determined in this study on the basis of the land use map of the study area. The land use map was generated from Landsat-8 images of 2005 which was processed, classified and validated using data derived from surveys conducted on the city of El Taref. The C factor for cultivated lands was attributed based on the studies of CORMARY and MASSON [1963] conducted in Tunisia based on information on crop patterns and crop rotations. For other land uses such as forests, shrublands and pasturelands values of the C factor were attributed based on WISCHMEIER and SMITH [1978] tables.
CONSERVATION SUPPORT PRACTICE FACTOR (P)
The P factor reflects the effects of agricultural conservation practices such as contouring, strip cropping and ridging that decrease the erosive impact of rainfall and runoff and thus decrease the amount of soil erosion [PAYET et al. 2011] . The values of P factor varies from 0 to 1, a value approaching to 1 is assigned to lands with no erosion control practices while a value of about 0.1 is assigned to low-sloping lands with tied ridges [ROOSE 1996] .
Regarding the Bou Namoussa watershed, no major erosion control practices are used, thus the P factor was assigned a value of 1.0 over the entire area.
RESULTS AND DISCUSSION

R-FACTOR
Using rainfall data from six rainfall stations (Tab. 1), R factors values of each station were estimated. Subsequently, R factor values of the entire watershed were interpolated using Ordinary Kriging interpolation within GIS. The spatial distribution of rainfall erosivity shows that the values of R factor vary from 153 to 207 a function of rainfall characteristics. The lowest R values were recorded in the central part of the watershed and the highest were recorded in the south-western part. According to the Figure 6 , 80% of the study area is subject to high rainfall erosivity since it showed values of R factor higher than 160.
K-FACTOR
The spatial distribution of soil erodibility (Fig. 7) was obtained by assigning to each soil texture a respective K value according to the table of STONE and HILBORNE [2000] (Tab. 2). The K values ranged from 0.028 to 0.05. Fig. 6 . R factor map of the study area; source: own study Fig. 7 . K factor map of the study area; source: own study Fig. 8 . LS factor map of the study area; source: own study Fig. 9 . C factor map of the study area; source: own study The highest values of K factor are associated with the soils more vulnerable to erosion which are in this study the silt loam soils that extend into the central and upper part watershed. On the other hand, the soils with the lowest K value are associated with the clay soils. Generally, the study area soils are considered highly susceptible to water erosion with respect to the average of their erodibility K factor which is estimated at 0.038.
LS-FACTOR
According to the calculations, LS factor values were found ranging from 0 to 15.51 with an average of 3.5 (Fig. 8) . The obtained map showed that LS factor is directly related with the topography. The higher values occur mainly in the mountainous areas of upper valley, whereas less values (LS < 5) covered the central mild part of the Bou Namoussa watershed.
C-FACTOR
The map of C factor (Fig. 9 ) describes the effect of the different types of land use on the erosion process in the study area, the C factor values ranged from 0.10 to 1. Heavily vegetated areas with low human impacts are associated to the lowest C values (<0.2) and represent a better soil protection against water erosion. While the highest C values (>0.2) representing about 40% of the study area (Fig. 10 ) concern the regions with low plant cover which are highly erodible soils. 
ESTIMATION OF POTENTIAL ANNUAL SOIL LOSS (A)
R, K, LS, C and P factors of the Bou Namoussa watershed were developed as raster layers in GIS. Their multiplication enabled estimating the potential annual soil loss. The average value of the estimated soil loss is 7.8 tꞏha -1 ꞏy -1 . In order to highlight the severity of soil loss through the study area the estimated soil loss was classified into five classes: very low, low, moderate, high and very high erosion based on the rate of erosion (Tab. 3). The classification (Fig. 11) indicates that the categories very low and low erosion describe 40% of the watershed area and associated with areas with mild slopes, adequately protected by vegetation cover. The areas under moderate erosion category which could be found in almost all areas describe 30.48% of the watershed. 22.59% of the study area is under high erosion severity, it consists mainly by agricultural lands with steep slopes. Very high erosion occurs in a few parts of the watershed, only in high erodibility soils with poor vegetation cover and steep reliefs. 
VALIDATION
The results obtained in this paper by applying RUSLE model need to be validated against real measurements of sedimentary transport, however, no such data exist actually at the Wadi Bou Namoussa. An alternative method was employed to overcome this deficiency; it consists on calculating the tonnage of sediment deposits using the following equation [CHEIKHA, GUEDDERI 2008] : (Fig. 12 ). This amount corresponds to a total solid deposit of 335 769 tꞏy -1 , if we consider a typical wet sediment density of 1. Moreover, during this period, total quantity of sediment of 82 421.6 tꞏy -1 was excavated from the Cheffia reservoir.
The estimation of the mean annual sedimentation since the impoundment of the Cheffia dam (1965) until 2004 results in a sediment yield of 7.2 tꞏha -1 ꞏy -1 . This value is relatively close to the value obtained by RUSLE, the difference between the two values is estimated at 7.70% which indicates certain 
SUMMARY AND CONCLUSION
This study illustrates the application of the empirical soil erosion model RUSLE integrated with GIS for estimating the spatial distribution of soil erosion in the Bou Namoussa watershed in order to identify critical areas for erosion control measures. The results indicated that the watershed loses an average of 7.8 tꞏha -1 ꞏy -1 , this value is relatively close to the measured sediment yields derived from the bathymetric surveys of Cheffia dam.
A soil erosion severity map with five classes was elaborated based on the soil loss estimations in each grid cell of the watershed.The spatial distribution of erosion severity classes was 19.50% very low (<2.5 tꞏha resulting from the interaction of several factors, mainly the predominance of steep slopes and highly erodible soils combined with the high anthropogenic pressure of an agricultural nature, causing the loss of forest cover in favor of cover crops as well as the absence of erosion control measures.
The study results constitute valuable support that should help the decision-makers in implementing suitable soil conservation practices in order to reduce the amount of soil loss and thus reduce the siltation rate at the downstream reservoir. At a long-term scale, the results can be used in monitoring the impact of cropping systems and soil conservation practices on the erosion process in the Bou Namoussa watershed.
